1. Introduction
===============

Neuroendocrine tumors (NETs) are a relatively rare but heterogeneous tumor. In recent years, its incidence has been rising. The epidemiological survey in the United States has shown that its incidence has increased 6.4 times in the past 40 years, reaching 6.98/100,000, and the pancreas is one of the most common sites of NETs.^\[[@R1],[@R2]\]^ Pancreatic neuroendocrine tumors (pNETs) may be classified as functioning or non-functioning tumors. Functioning pNETs are characterized by secretion of one or more biologically active peptides, inducing specific clinical syndromes. Secreting products include insulin, gastrin, glucagon, somatostatin, and vasoactive intestinal peptide. Non-functioning pNETs may secrete peptides, such as chromogranin A and neurotensin, and may be asymptomatic.^\[[@R3]\]^

When compared with pancreatic adenocarcinoma, pNETs are relatively slow growing but remain associated with substantial morbidity and mortality. Distant metastasis occurs in 20% to 64% of patients with pNETs at the time of diagnosis, and liver metastasis is the most common one. Distant metastasis is an important factor affecting the prognosis of patients.^\[[@R4]--[@R7]\]^ However, some cases may experience a change of the metastatic pattern and involve other distant organs without involving the liver. These cases may represent a different subset of patients with different biology and prognosis and subsequently different therapeutic approach. Up to now, less is known about how metastatic pattern of pNETs patients at diagnosis relates to tumor presentation and clinical outcomes. Since knowledge of prognosis of these patterns is crucial for pre-treatment evaluation, our study aimed to describe the distant metastatic patterns, frequency of occurrence and clinical outcomes based on a large population using Surveillance, Epidemiology, and End Result (SEER) database.

2. Materials and methods
========================

2.1. Database and patient selection
-----------------------------------

Data for this study were obtained from the SEER database of the National Cancer Institute in the United States, covering approximately 28% of the US population.^\[[@R8]\]^ It is one of the most representative large clinical cancer registration databases in North America. It collects clinicopathological information and prognostic data of various cancers and is open to the world for clinical doctors' evidence-based practice and clinical oncology research. It provides valuable first-hand information. We identified patients diagnosed with pNETs that were reported to the SEER database from 2010 to 2015. Because detailed information about the site of distant metastases was not available before 2010.

ICD- O- 3^\[[@R9]\]^ (International Classification of Diseases for Oncology, 3rd edition) morphology codes 8013, 8041, 8150, 8151, 8152, 8153, 8154, 8155, 8156, 8240, 8241, 8244, 8246, and 8249 were used to identify pNETs. All pancreatic anatomical sites (C25.0-C25.9) were included in this study.^\[[@R4]\]^

Patients were excluded if the pNETs was not their first primary cancer, unknown the survival months, below 18 years old, without clear metastatic status or follow-up data. Detailed information on the numbers of patients included and excluded, consequent to each of the previous criteria, is shown in Figure [1](#F1){ref-type="fig"}. The final analysis included a cohort of 3909 patients.

![Flow chart of patients' cohort selection.](medi-98-e17773-g001){#F1}

2.2. Variable definition
------------------------

We included variabilities as age, sex, race, marital status, primary site, grade, stage, and cancer-directed surgery. CS Mets at Dx (metastatic status) identifies whether there is metastatic involvement of distant site(s) at the time of diagnosis. CS Mets at Dx is part of the Collaborative Stage Data Collection System (CS), and was first introduced in 2004. It is used to derive some American Joint Committee on Cancer TNM Staging System (AJCC) M values and SEER Summary Stage codes.^\[[@R10]\]^ The CS Mets at Dx was introduced into yes, no and unknown. According to the records in the SEER database, patients were divided into the following 6 groups:

1.  Non-organ metastasis;

2.  Bone metastasis;

3.  Brain metastasis;

4.  Liver metastasis;

5.  Lung metastasis;

6.  Multiple (metastases in at least 2 of the above sites).

Cancer-specific survival (CCS) was calculated from the date of diagnosis to the date of death related to pNETs. Death attributed to other causes was considered as censored observation.

2.3. Statistical analysis
-------------------------

We utilized Chi-square test to compare the clinical and metastasis characteristics among different metastatic patterns. We used Kaplan--Meier analysis and log-rank testing for survival comparisons. Adjusted hazard ratio (HR) with 95% CI was calculated using Cox regression model to estimate prognostic factors. *P* \< .05 was considered statistically significant. The statistical software SPSS 21.0 was utilized for all data analyses.

3. Results
==========

3.1. Population characteristics
-------------------------------

Among the 3909 patients we finally selected from SEER database, 2524 (64.6%) patients had no organ metastasis, 21 (0.5%) patients were diagnosed with isolated bone metastasis, 5 (0.1%) patients were diagnosed with isolated brain metastasis, 1133 (29.0%) patients were diagnosed with isolated liver metastasis and 28 (0.7%) patients were diagnosed with isolated lung metastasis. 1187 (30.4%) patients have a single organ site of metastasis while 198 patients (5.1%) patients have multiple organ metastases. Statistically significant correlations between different baseline characteristics and different sites of metastases are shown in Table [1](#T1){ref-type="table"}. There were a series of significant differences among the 6 groups including age, marital Status, primary site, grade, stage and cancer-directed surgery (all, *P* \< .05).

###### 

Clinical and metastasis characteristics of the study population.
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3.2. Survival outcomes
----------------------

As shown in Figure [2](#F2){ref-type="fig"}, we plotted Kaplan--Meier curves and used the log-rank test for survival comparisons. For both endpoints, patients without organ metastasis had the best survival outcomes, while multiple had the worst outcomes. There were no significant differences in bone metastasis, liver metastasis and lung metastasis. (OS: Non-organ metastasis: 5-year OS = 77.1%; Bone metastasis: median survival time (MST) = 56 m, 5-year OS = 42.7%; Liver metastasis: MST = 24 m, 5-year OS = 25.5%; Lung metastasis: MST = 14 m, 5-year OS = 33.7%; multiple metastases: MST = 7m, 5-year OS = 12.0%. Non-organ metastasis vs other groups: *P* \< .001; bone vs liver metastasis: *P* = .230; bone vs lung metastasis: *P* = .228; bone vs multiple metastasis: *P* = .001; liver vs lung metastasis: *P* = .793; liver vs multiple metastases: *P* \< .001; lung vs multiple metastases: *P* = .024) (CCS: Non-organ metastasis: 5-year OS = 84.2%; Bone metastasis: 5-year OS = 52.5%; Liver metastasis: MST = 27 m, 5-year OS = 28.6%; Lung metastasis: MST = 49 m, 5-year OS = 40.1%; multiple metastases: MST = 8 m, 5-year OS = 14.5%. Non-organ metastasis vs other groups: *P* \< .001; bone vs liver metastasis: *P* = .045; bone vs lung metastasis: *P* = .085; bone vs multiple metastases: *P* = .001; liver vs lung metastasis: *P* = .945; liver vs multiple metastases: *P* \< .001; lung vs multiple metastases: *P* = .019). Because of the very small number of patients with isolated brain metastasis (5 patients), they were not included in this analysis. MST will not be calculated with mortality less than 50%.

![Kaplan--Meier curves and Log-rank test for overall survival (A) and cancer-specific survival (B) according to different metastasis.](medi-98-e17773-g003){#F2}

In addition, we studied the OS and CCS of Non-organ metastasis, Liver metastasis and multiple metastases based on whether or not cancer-directed surgery was performed (Fig. [3](#F3){ref-type="fig"}). The results showed that there were all statistical significances between the surgery and the no surgery groups (all, *P* \< .001).

![Kaplan--Meier curves and Log-rank test for OS and CCS based on whether or not cancer-directed surgery was performed: (A) OS of non-organ metastasis; (B) CCS of Non-organ metastasis; (C) OS of liver metastasis; (D) CCS of liver metastasis; (E) OS of multiple metastasis; (F) CCS of multiple metastasis. CCS = cancer-specific survival, OS = overall survival.](medi-98-e17773-g004){#F3}

3.3. Multivariate analysis using the Cox hazard regression model
----------------------------------------------------------------

Moreover, we conducted multivariate analysis with Cox hazard regression model (Table [2](#T2){ref-type="table"}) to evaluate the impact of different metastatic patterns and baseline characteristics on OS and CCS. As was shown, brain metastasis, multiple metastases, age over 60 years, unmarried, grade III/IV, regional/distant and no surgery were independently associated with decreased OS and CCS.

###### 

Results of multivariate analysis using the Cox hazard regression model.
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4. Discussion
=============

This is the largest study to date use the SEER database to evaluate the prognostic value of different metastatic patterns among patients with pNETs. Previous studies showed that 40% to 80% pNETs patients are already metastatic at the time of diagnosed, the more frequent site is the liver (40%--93%), followed by the bone (12%--20%) and lung (8%--10%).^\[[@R11]\]^ Consistent with these studies, our results showed that liver was the most common metastatic site in all pNETs. While we did not find any studies on the incidence of isolated organ metastasis of the pNETs patients. In addition, some pNETs patients developed more than 1 metastatic site, and few studies have reported on the multiple metastases in these patients. Our study expanded the multiple metastases group. Results showed that 5.1% patients have multiple organ metastases. Brain is the least common distant metastatic organ in pNETs patients.

Understanding the prognostic outcome of a metastatic pattern rather than another may be helpful for informed discussions with patients about the overall prospects of the disease; moreover, it may help to develop a systematic treatment strategy for the disease. The presence of a single liver metastasis is associated with better survival, as shown by Frilling et al.^\[[@R12]\]^ Other studies showed that the presence of liver metastases also has a negative impact on the prognosis,^\[[@R13],[@R14]\]^ and the extension of pNETs liver metastases is correlated to long-term survival.^\[[@R15],[@R16]\]^ While our studies showed that without organ metastasis had the best survival outcomes, multiple had the worst outcomes. There were no significant differences in bone metastasis, liver metastasis and lung metastasis. Because of the less sample for all studies, we need further research. Some pNETs patients developed more than one metastatic site, and few studies have reported on the multiple metastases in these patients. In our study, multiple metastases achieving to 5.1% and have the worst outcomes. Multivariate analysis using the Cox hazard regression model showed that patients with brain metastasis or multiple metastases were independently associated with decreased OS and CCS.

Surgery remains the only curative treatment for pNETs. Surgical resection is usually performed when all tumors can be completely resected or if debulking of more than 90% of tumor burden can be achieved. It remains unknown however, if cancer-directed surgery is beneficial in the setting of distant metastases. The guidelines of both the European Neuroendocrine Tumor Association and North American Neuroendocrine Tumor Association currently do not recommend routine surgical resection in patients with distant metastasis since the available data supporting this strategy are sparse.^\[[@R17],[@R18]\]^ Our findings show that patients with no organ metastasis, liver metastasis and multiple metastases had better survival than those without surgery. A previous study^\[[@R19]\]^ examined the impact of primary tumor resection on pNETs with unresectable multifocal LM among 43 patients and demonstrated that primary tumor resection predicted improved survival. The 5-year survival rates in the study among operated and non-operated patients were 82% and 50%, respectively. Compared to that study, the 5-year survival rate in this cohort was much shorter (OS: 55.0% and 18.2%, CCS: 62.6% and 19%) and may be the source of heterogenicity regarding systemic therapies. Most patients (74%) in the previous study^\[[@R19]\]^ received peptide receptor radionuclide therapy (PRRT) and systemic therapy.

Despite valuable findings above, there are several limitations in our study. SEER does not provide organ metastases information except brain, bone, liver and lung and there are few cases in some groups. It also has no information on when patients underwent surgery or metastasis after surgery. Due to the absence of information on chemotherapy or targeted therapy included in the SEER database, their effects on survival could not be evaluated. However, one could assume that the impact of adjuvant therapies on survival reported in SEER is low, since most effective therapies such as transarterial (chemo-) embolization, somatostatin-or radiolabeled somatostatin analogues as well as targeted therapy are newer treatment modalities that have only recently been used.^\[[@R20]\]^

5. Conclusion
=============

In conclusion, in this study we have analyzed the tumor characteristics and survival times of the pNETs patients with different metastatic patterns. Results show that pNETs patients without organ metastasis had the best survival outcomes, while multiple had the worst outcomes. There were no significant differences in bone metastasis, liver metastasis and lung metastasis. Cancer-directed surgery is valuable not only for the patients without organ metastasis, but also for the liver metastasis and multiple metastasis patients. Of course, further research is needed.
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